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Abstract: The present study was aimed to evaluate the effects of food simulating liquids and themocy cling on the elution 
of monomers from a nanofilled resin composite in different immersion times. Five Specimen discs were made from a 
nano-hybrid composite (Supreme 3M) for each group (Total = 180) and immersed in distilled water (control), citric acid, 
lactic acid, and 75% aqueous ethanol solution. The discs were removed after 24 h, 48 h, 72 h, 1 wk, 4 wk, and 12 wk. 
Three groups of samples underwent thermocycling for 1000, 2000 and 3000 cycles. The solutes were analyzed with 
HPLC for detection of eluted monomers. The results showed that the amoimt of released TEGDMA was significantly 
higher than that of Bis-GMA; however, there were not any significant differences between the amount of released Bis- 
GMA and UDMA. Moreover, the highest amount of monomers was released from samples immersed in ethanol solution; 
samples immersed in citric acid and lactic acid significantly released more monomers than those immersed in distilled wa- 
ter. Furthermore, the immersion time in aqueous ethanol solution had an increasing effect on the release of monomers. In 
addition, the higher amotmts of monomers were release from samples immersed in ethanol and citric acid which under- 
went a higher number of thermal cycles. In conclusion, food and drink stimulated liquids used in this study increased the 
amount of some of the monomers released from composite resin. Thermal shocks and storage time are other factors that 
increased the release of monomers from the composite resin. 
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1. INTRODUCTION 

Resin based dental materials such as composite resins are 
widely used in modem dentistry. Mechanical and physical 
properties of resin composite restorations are highly related 
with their polymerization [1]. Several studies have shown 
that a complete conversion of monomers is not possible and, 
in the best conditions, only 70-75% of monomers can con- 
vert to polymer during the process of polymerization [2-4]. 
Rode and Kawano found that the degree of conversion of a 
dental composite (Z250) cured with high intensity halogen, 
LED, or argon laser curing unites varies between 35-70% 
[5]. It has shown than unreacted monomers remain in the 
mass of restoration and release into the surrounding area 
(dentine, pulp, or oral cavity) which can negatively affect the 
biocompatibility of the material [6, 7]. 

Clinical degradation of resin composites even in the ab- 
sence of mechanical loading and abrasive forces has been 
reported [3, 5]. Composite restorations are exposed to 
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chemical agents found in saliva, food, and beverages. Some 
of these chemical agents may accelerate the degradation of 
composite resins and increase the elution of unreacted 
monomers. Previous studies have reported that these agents 
have softening and hydrolyzing effects on dental composites 
which attribute to the degradation of the polymer matrix [8- 
10]. Moreover, some food and drinks (coffee and tea) can 
cause thermal shocks in oral environment which would ac- 
celerate displacing and leaching of unreacted monomers due 
to the high values of temperature. 

The chemical environment in the oral cavity may have a 
considerable influence on in vivo degradation of resin com- 
posite [11]. Therefore, to evaluate the amount of released 
monomers from dental composites, the role of chemical 
components which are present in clinical condition should 
not be neglected. Lactic acid and citric acid could stimulate 
the clinical condition of oral environment because they are 
common chemical components that are present in foods, 
fruits and beverages. In addition, 75% aqueous ethanol solu- 
tion has been the solvent of choice to stimulate and acceler- 
ate aging of restorations in several studies because it has the 
solubility parameter which matches that of most monomers 
which are present in the chemical structure of resins compos- 
ite [3, 12, 13]. 
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Table 1. Mean Values ((ig/mL) and Standard Deviation of Released Monomers in Different Medias (2 mL) and Different Immersion 
Times 



Time 


Bis-GMA 


TEGDMA 


UDMA 


BIS-EMA 


Water 


Citric 


Lactic 


Ethanol 


Water 


Citric 


Lactic 


Ethanol 


Water 


Citric 


Lactic 


Ethanol 


Ethanol 


1 


6.5 
(0 6> 


5.7 
(0 6> 


5.6 


6 


12 

n 5> 


10.5 

n 3> 


12 
(0 1\ 


19.8 
(1 9> 


9.1 

(0 1\ 


5.8 
(0 8> 


9 

(0 6> 


3.6 


41.5 
(4.7) 


2 


5 

(0 5) 


6.8 
(0 7) 


5.6 
(0 7) 


1 

(1 5) 


10.8 
(2 9) 


15.4 
(1 2) 


16.2 
(2 3) 


19.7 
(3 5) 


6.7 
(1 1) 


7.11 
(1 6) 


8.3 
(2) 


0.7 
(0 1) 


35.5 
(2.6) 


3 


6.5 
(0.5) 


7.7 
(0.2) 


9.3 
(3.1) 


8.7 
(1.8) 


9.8 
(2.3) 


14.5 
(1.5) 


16.2 

(0.8) 


20.8 

(5.3) 


6.5 
(0.8) 


10. 

(0.9) 


13.4 

(2.9) 


1.67 

(2) 


36 
(12.5) 


4 


5.6 
(1.5) 


10.5 
(0.5) 


11.4 
(0.7) 


17.3 
(0.2) 


4.3 
(1.7) 


21.1 
(4.5) 


24.2 
(1.8) 


21.2 
(11.5) 


4.8 
(0.8) 


9.8 
(0.8) 


15.8 
(2.1) 


105.8 
(51.5) 


65.5 
(32.5) 


5 


0.7 
(0.5) 


13.8 
(1.5) 


13.2 
(1.5) 


32.3 
(0.01) 


2 

(0.6) 


58 
(16.8) 


39 
(8.0) 


24.8 
(0.01) 


1.9 
(0.5) 


10.8 
(1.9) 


14.5 
(3.6) 


ND 


68.6 
(12.6) 


6 


0.6 
(0.1) 


11.5 
(2.5) 


6.5 
(1.5) 


16.5 
(2.8) 


44.6 
(15.5) 


11.2 
(12.4) 


2.2 
(0.3) 


115.67 
(26.3) 


0.6 
(0.3) 


14.2 
(0.5) 


6.6 
(1.4) 


ND 


406.5 
(332.5) 



The abbreviations of groups: l:24h,2: 48 h, 3: 72 h, 4: 1 wk, 5:4wk, 6: 12 wk, N D: Non-Detectable 



There are some studies which have evaluated the release of 
monomers from dental composite in the short time. It has been 
estimated that the maximum release of intact monomers from 
resin composites is within the first 24h after the polymeriza- 
tion [3, 14, 15]. According to Ferracane and Condon, 50% of 
the leachable monomers are eluted within the first 3 hours 
after polymerization [16]. However, in addition to the release 
of monomers from dental composites immediately after po- 
lymerization, composite components could release into the 
oral cavity as a consequence of a slow and long term degrada- 
tion of dental composites. There is still not a long term pattern 
reported for the leaching of monomers from resin composites. 

Therefore, the aim of the present study was to evaluate 
the effects of thermocycling and also food simulating liquids 
such as citric acid, lactic acid, 75% aqueous ethanol solution, 
and distilled water on the elution of monomers from a nan- 
ofiUed composite in the 24 h, 48 h, 72 h, 1 wk, 4 wk and 12 
wk period intervals. 

2. MATERIALS AND METHODOLOGY 

A nano-hybrid resin composite (shade A2, Filtek su- 
preme, 3M ESPE, Seefeld, Germany) was employed in the 
present study. Specimen discs of 5 nmi in diameter and 3 
mm in thickness were made using a stainless steel mold. The 
mold was sandwiched between two pieces of transparent 
film and two glass microscope shdes. The glass slide was 
pressed against the composite material, and excess material 
was extruded before polymerization process. The specimens 
were cured using a tungsten-halogen light-curing unit (Opti- 
lux 501, KerrHawe. SA, Bioggio, Switzerland) with an out- 
put intensity of 650 mW/cm . Curing was performed from 
each surface of composite discs for 40 s. The intensity of the 
light emitted from the curing unit was checked periodically 
using a commercial radiometer (Bisco, IL, USA). 

The present study comprised of 36 study groups. Five 
discs were made for each group (Total specimens = 180). 
Immediately after curing, composite specimens of each 
group were immersed in glass vials containing 2 ml of one of 
following solvents: citric acid (pH 4.2), lactic acid (pH 6.5), 
75% aqueous ethanol solution, and distilled water (control). 



Then, glass vials of 24 groups (4 solvent * 6 time points) 
were placed in an incubator at 37 °C for 24 h, 48 h, 72 h, 1 
wk, 4 wk, or 12 wk. The specimens of the other 12 groups (4 
solvent * 3 thermocycling) underwent 1000, 2000, 3000 
thermal cycles to determine the effect of thermal shocks. 
After each period, the specimens were removed from con- 
tainers, and the solvents were then subjected to HPLC analy- 
sis to detect the amount of eluted monomers from the com- 
posite specimens. The studied monomers with HPLC were: 

1 . Bis-GMA (Bisphenol A Glycidyl Dimethacrylate ((Aid- 
rich, WI, USA). 

2. TEGDMA (Trietyleneglycol dimethacrylate ((Aldrich). 

3. Bis-EMA (Bisphenol A Ethoxylate dimethacrylate) (Aid- 
rich). 

4. UDMA (Urethan dmiethacrylate) (Aldrich). 

The HPLC consists: a 600 E Waters (Waters, MA, USA) 
system controller liquid chromatograph, equipped with a UV- 
Vis Detector Waters 486, an 0DS3 column (5 |im, 4 mm i.d. 
125 mm length). The mobile phase was acetonitrile/water 
(75/25% v/v) at a flow rate of 1 .2 mL/min at room tempera- 
ture. Detection and quantitative analysis of components were 
performed by comparison of the elution time and the integra- 
tion of absorption peak area of the test samples with those of 
the standard samples. In the present experimental condition, 
the retention time of HPLC peaks of the standard solutions of 
TEGDMA, Bis-GMA, UDMA, and Bis-EMA were found to 
be 1.90, 2.18, 2.27, and 8 minutes, respectively. 

A two-way analysis of variance (ANOVA) test was used 
to evaluate the effects of the factors (type of solvent and 
immersion time) on the amount of leachable monomers. 
Tukey-Kramer test was used for pair-wise comparisons. Sta- 
tistical significance was set at a=0.05. 

3. RESULTS 

The mean values and standard deviation of eluted 
monomers for the different immersion times and solvents are 
given in Table 1. Table 2 shows the mean values and stan- 
dard deviation of eluted monomers after thermocycling. 
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Table 2. Mean Values (jig/mL) and Standard Deviation of Released Monomers in Different Medias (2 mL) and Different Cycles of 
Thermocycling 



Cycles 


Bis-GMA 


TEGDMA 


UDMA 


BIS-EMA 




Water 


Citric 


Lactic 


ILtnanol 


Water 


Citric 


Lactic 


Ltnanol 


Water 


Citric 


Lactic 


Ltnanol 


Ethanol 




5.3 


5.8 


6.3 


4.7 


10.7 


11.0 


13.1 


17.7 


11.2 


8 


13.5 


2.6 


27.5 


1000 






























(0.3) 


(1) 


(0.3) 


(0.6) 


(1.5) 


(2.6) 


(1.6) 


(4.1) 


(1) 


(0.5) 


(2.4) 


(4) 


(6.5) 




6.5 


7.7 


8 




13.1 


15 


17.5 




8.6 


8.1 


12.7 






2000 








ND 








ND 








ND 


ND 




(1.5) 


(2.3) 


(1.2) 




(3.8) 


(4.5) 


(4.6) 




(3.6) 


(3.2) 


(1.7) 








2.1 


12.3 


10.8 




3.5 


37.8 


14.8 


32.1 


3.9 


23.3 


13.8 


119.5 


108.2 


3000 








ND 






















(1) 


(0.2) 


(0.8) 




(1.7) 


(3.2) 


(4) 


(13.3) 


(2.7) 


(1.7) 


(1.9) 


(62.1) 


(33.5) 



N D: Non-Detectable 




Fig. (1). The relationship between immersion medias and different immersion times and thermocycling and total monomer release, abbrevia- 
tions of groups are: 1: 24 h, 2: 48 h, 3: 72 h, 4: 1 wk, 5: 4 wk, 6: 12 wk. 7: 1000 cycles, 8: 2000 cycles, 9:3000 cycles. 



The amount of TEGDMA leached from the samples was 
significantly higher than that of Bis-GMA; however, there 
were not any significant differences between the amounts of 
eluted Bis-GMA and UDMA (Fig. 1). Furthermore, the high- 
est amount of monomers was released into 75% aqueous 
ethanol solution. The samples immersed in citric acid and 
lactic acid significantly released more monomer than those 
immersed in distilled water. It was found that sample im- 
mersed in distilled water released the lowest amount of 
monomers. In addition, the immersion time in aqueous etha- 
nol solution had an increasing effect on the release of 
monomers, but this effect was not seen in the other groups. 
Moreover, the higher amounts of monomers were release 
from the samples which underwent a higher number of ther- 
mal cycles. 

3.1. Bis-GMA 

There were no significant differences in the amount of 
leached Bis-GMA between four media at 24, 48, 72h; how- 
ever, a higher amount of Bis-GMA was release into the 
ethanol solution than the other solvents at 1, 4 and 12 wk. 



The effect of immersion time on elution of Bis-GMA into 
distilled water was significant, and the amount of released 
Bis-GMA was less at 4 and 12 wk compared to the other 
time points (P<0.001). For the samples immersed in acid 
citric, immersion time had not any significant effect on the 
elution of Bis-GMA. For the samples immersed in acid lactic 
and ethanol, the highest amount of eluted Bis-GMA was at 4 
wk(P<0.001). 

There were no significant differences in the amount of re- 
leased Bis-GMA from the samples which underwent differ- 
ent thermal cycles (Fig. 2). 

3.2. UDMA 

UDMA was released less from the samples immersed in 
ethanol than those immersed in the other solvents at 24h, 48h 
and 72h, but it was released more from the samples im- 
mersed in ethanol than those immersed in the other solvents 
at 1 wk. At 4 wk and 12 wk, the samples immersed in water 
significantly released less UDMA than those immersed in 
the other solvents. 
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/ Citric 



Fig. (2). The relationship between immersion medias and different immersion times and thermocycling and Bis-GMA release; abbreviations 
of groups are: 1: 24 h, 2: 48 h, 3: 72 h, 4: 1 wk, 5: 4 wk, 6: 12 wk, 7: 1000 cycles, 8: 2000 cycles, 9: 3000 cycles. 




Fig. (3). The relationship between immersion medias and different immersion times and thermocycling and UDMA release; abbreviations of 
groups are: 1: 24 h, 2: 48 h, 3: 72 h, 4: 1 wk, 5: 4 wk, 6: 12 wk, 7: 1000 cycles, 8: 2000 cycles, 9: 3000 cycles. 



The highest amount of UDMA was released at Iwk from 
the samples immersed in the ethanol. The release of UDMA 
from the samples immersed in water was decreased over the 
time. However, the release of UDMA from the samples im- 
mersed in acid citric was increased over the time. There were 
not any significant differences between the amounts of re- 
leased UDMA from the samples immersed in acid citric at 
different time points. 

There was a direct relation between an increase in the 
number of cycles of thermocycling and the amount of 
leached monomers from the samples immersed in citric acid 
and ethanol, but such relation was not found in those im- 
mersed in water and lactic acid (Fig. 3). 

3.3. TEGDMA 

The samples immersed in water released the lowest 
amount of TEGDMA while those immersed in ethanol re- 
leased the highest amount of this monomer. At 48 and 72 h, 



the lowest amount of leached TEGDMA was released in 
water and the highest amount was released in ethanol. At 1 
wk, the samples immersed in water significantly released 
less TEGDMA than those immersed in the other media, but 
the difference between the those of the other media was not 
significant. At 4 wk, the lowest amount of TEGDMA was 
released in water, and the highest amount was detected in 
citric acid. At 12 wk, samples immersed in ethanol signifi- 
cantly released more TEGDMA than those of the other 
groups. 

There were not any significant differences in the amount 
of released TEGDMA between 24, 48, and 72 h, but TEG- 
DMA was significantly release more at 4 wk. Generally, the 
elution of TEGDMA from composite samples was increased 
over the time (Fig. 4). 

After 1000 cycles of thermocycling, the highest amount 
of TEGDMA was observed in ethanol and the lowest amount 
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Fig. (4). The relationship between immersion medias and different immersion times and thermocycling and TEGDMA release; abbreviations 
of groups are: 1: 24 h, 2: 48 h, 3: 72 h, 4: 1 wk, 5: 4 wk, 6: 12 wk, 7: 1000 cycles, 8: 2000 cycles, 9: 3000 cycles 



of it was detected in water. There were not any significant 
differences between the groups after 2000 thermal cycles. 
After 3000 cycles, the higher amounts of TEGDMA were 
released from the samples immersed in ethanol and acid cit- 
ric compared to the other two solvents. 

3.4. Bis-EMA 

Bis-EMA was only detected in ethanol solution, and it 
was not detected in water, acid lactic, and acid citric by 
HPLC. The amount of released Bis-EMA in ethanol was 
higher compared to the other monomers. 

The release of Bis-EMA from the samples immersed in 
ethanol was increased over the time, and highest amount of 
released Bis-EMA was found at 12 wk. In addition, a higher 
amount of Bis-EMA was released from the samples which 
underwent a higher number of thermal cycles. (Table 2). 

4. DISCUSSION 

Leaching components from dental composites could im- 
pair mechanical properties of the restoration, and also it has 
raised some concerns about the biocompatibility of dental 
composites [6, 17]. Leaching of monomers is affected by 
several factors including chemical structure of resin (type of 
fillers, monomer/filler proportion, type of monomer, etc) 
[18], light-curing units [19], and environmental conditions 
(such as presence of saliva, foods, and beverages) [20]. In 
the present study, the hypothesis was that the food stimulated 
liquids (organic acids and ethanol) and thermal shocks can 
affect the release of monomers from resin composite restora- 
tions. The present results revealed that 75% aqueous ethanol 
solution significantly released more monomers than the other 
solvents. The difference between lactic acid and citric acid 
was not significant, but these solvents were more effective in 
releasing monomers than distilled water. 

There is a very limited number of studies evaluating the 
effects of organic acids on the leaching of monomers [20], 
but there are several reports regarding the effects of organic 
acids on the mechanical and surface characteristics of com- 



posite resins [5, 21]. Asmussen has reported that the hard- 
ness of resin composite significantly decreased after 1 d of 
immersing in ethanol, acetic acid, propionic acid, and lactic 
acid [8]. Chadwick and colleagues exposed composite sam- 
ples to lactate and acetate buffers and reported that lactate 
decreased the hardness of resin composite but citrate had no 
effect on it [22]. Those findings could imply that organic 
acids have a softening effect on the polymeric structure of 
dental composite restorations. It has been shown that irre- 
versible degradation of resin composites due to leaching of 
components occurs in the presence of ethanol [23]. In addi- 
tion, Lee and colleagues evaluated the release of monomers 
from three resin composites immersed in ethanol and two 
organic acids of dental plaque, and they found that ethanol 
and organic acids increased leaching of monomers from the 
resin composites [20]. In the present study, it was found that 
aqueous ethanol solution, lactic acid, and citric acids en- 
hance the leaching of monomers. An important factor that 
affects the release pattern of monomers is solubility parame- 
ters of the solvents. Weathering agents, such as ethanol, can 
simulate clinically expected effects of food and saliva and 
accelerate the degradation of resin composites [12, 13]. 

The composite resin which was used in the present study 
is a relatively new nano-hybrid dental composite (Supreme 
Filtek) that contains the following monomers: Bis-GMA, 
UDMA, TEG-DMA and Bis-EMA. In the present study, all 
these monomers were detected by HPLC. The present results 
showed that amount of eluted Bis-GMA was lower than the 
other monomers (Bis-GMA<UDMA< TEGDMA and Bis- 
EMA). The manufacturer's catalogue does not represent the 
percentage of each monomer; however, due to the presence 
of UDMA in this resin composite, it could be assumed that 
the initial amount of Bis-GMA and subsequent TEGDMA, 
as a diluent monomer for Bis-GMA, has decreased in this 
composite. In addition, an important factor that affects the 
leaching of monomers is the size of their molecules. Smaller 
molecules are expected to leach more rapidly than larger and 
bulkier molecules [24]. In the present study, TEGDMA was 
released more than Bis-GMA and UDMA which is explain- 
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able by the size and weight of monomers [25]. The results of 
the present study is in accordance with those of studies of 
ortengrenu (2001), Lee (1998), Tabatabae (2008), and spahl 
(1998) that revealed the TEGDMA monomer leached more 
than other monomers [1, 19, 20, 24], 

It should be noticed that the overall concentrations of 
leached monomers increased as a function of time up to the 
maximum storage period of three months suggesting further 
leaching may be occur over the time. 

5. CONCLUSIONS 

It could be concluded that food and drink stimulated liq- 
uids which used in the present study increased the amount of 
some of the monomers released from the composite resin. 
Thermal shocks and storage time are other factors that in- 
creased the release of monomers from the composite resin. 
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